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PURPOSE

The purpose of this study was to ohtain qualitative and
quantitaiive information on the deposit pattern of fine
sand when used for backfill material and injected into a
typical coal mine cavity. Backfilling af mine cavities
with sand and waste material is a method used to
reduce land subsidence. The study was performed for
the Bureau of Mines.

SUMMARY AND CONCLUSIONS

A model of an idealized coal mine was constructed and -
operated 1o determine the characteristics of backfilling.
a mine by pumping a sand slurry into the cavities. The

modei simulated the hydraulic action in the coal mine

under the city of Rock Springs, Wyomimg, where

subsidence due to coal mine cavities has been
experienced. Fine, uniform blow sand with a median
size of approximately 0.14 mm from the Ruck Springs
area was. used in the mode| studies. Similar materials
will ke tsed in future backfilling operations for mines
in tha Rack Springs area.

‘Eighteen tests were made simulating the pumping of

fine sand into a mine cavity with the following
conditior.s:

1. Level floor with cavity submerged

2. Level floor with cavity dry

3. Sloping floor with injection pipe exit below the
water surface

4, Sloping floor wnh |nject|un plpe exlt ‘aisove the
water surface

5. Selected corridors between pillars
blocked and totally blocked

6. Solid walls on one and two adjacent sides of a
rectanguiar section of pillars surrounding the
injection hole

partially

The test conditions are summarized in Table 1.

The approximate bearing strengths of the backfill
material were determined by soils mechanics tests.

Data from the 1B tests lead to the following
conclusions, which may be modified as additional
information is obtained and analyzed:

1. Inital deposition of fine sand backfill material
pumped vertically into a level submerged mine
cavity takes the shape of a truncated hroad-based
cone which builds up to the roof of the
unobstructed mine cavity, Figure 2,

2. The geveral pattern of the cone-shaped deposit
in a ievel submerged mine backfill operation is not
dependent ori slurry concentration nar on injection
pipe velocity. However, low pipe velocities result in
a smaller radius of the initial deposit than for higher

. injection velocmes

3. Segregation of graded backfill material occurs in

the contral cavity when backfilling a level-
submerged mine, The larger particles deposit near
the injection pipe and the finer particles depesit
farther from the injection pipe in a radial diréction.
The particles at the bottom of the deposit ring are
larger than the particles at the top of the deposit
ring.-

4. Fine sand backfill “material injected into a
submerged mine cavity having a 5° slope deposits in
an initial broad-cone patiern almost identical to the
deposition pattern in a level submerged mine cavity
(see Conclusion 1 above). A solid wall located a
short distance’ from the injection pipe does not
prevent slurry from flowing nor backfill from
depositing in that direction.

5. Fine sand backfill material pumped into a
submerged mine cavity having a 15° slope will
deposit in an initial cone around the injection pipe.
Backfill material will then be transported and
deposited downstope and laterally along breakout
paths. As the back pressure on the injection area
builds up from deposits, fine material is transported
along breakout paths and deposited in directions of
least resistance from the injection pipe.

6. All tests showed that fine sand backfill material
will be transported past partial blocks in corridors as
deposits build up. Fine sand backfill material will be
transported into slack water areas and deposited by
flow circulation, ~

7. Backfitl material pumped into a dry mine cavity
will develop a deposit with a surface slope of the
deposited material which is dependent on a critical
tractive force™ required to move the backfiil
rmaterial at shallow flow depths in an open channel.
For the fine sand material obtained from Rock
Springs, the slope of the deposit surface was 0.05 to
0.06 in a dry mine cavity.

8. When the top of the deposit cone reaches the
mine ceiling in a submerged mine cavity, back
pressure builds up until a breakout channel forms
between the mine ceiling and deposited materfal.
Backfill material is then transported along the

*Tractive force Tp = 7DS where 5 = specific weight of water, D = depth of water flowing c;ver the deposit, and S =

slope of flowing water surface.




channel and deposited in the pool at the end of the
channe! until back pressure:\bUilds up and forms a
new breakout channel. :

9. The advencing front of deposited backfill
material in a submerged mine cavity takes the slope
of the submerged angle of repose of the backfill
material. For the fine Rock Springs sand deposited

under water the angle of repose is 30° or a slope of
0.577.

APPLICATION

The results described in this report can be used i

planning and executing an effective. method of,..

hydraulic backflllmg of mine cavities.

INTRODUCTION

Backfilling mine cavities witk'sand or waste material is

“*-a method that has been used to reduce subsidence.

Muzh information is needed to determine the pattern:
of backfilling deposition for the various fill materials
and mine cavity conditions.

The Bureau of Mines requested the Bureau of
Reclamation to perform hydraulic model studies to
determine the pattern of deposition for various typical
mine conditions.

THE MODEL
Model Box—Slurry Sump

A 15B.foot-square box 2.5 feet deep was constructed
from wood frame and 3/4-inch plywood. The box was
made watertight by sealing the plywood joints ‘Wwith
rubber strips and sealing compound. A flap gate hinged
on the floor of the box was constructed in one:corner.’
The flap gate position could be adjusted 1o hold the
water surface in the box at desired mine water levels.
The floor was sloped slightly to the flap gate corner for
completely draining the boX in a very short time.

Water flowing through the flap gate dropped into a
metal slurry sump after passing through a 4-foot-long
by 2.5-foot-wide sluice channel. The sump was 8 feet
long by 2 feet wide by 3.5 feet deep mounted below
the floor in a laboratnry water-supply channel. Sand
backfill material was wnshed into the slurry sump after
being placed on the sit” ce channel floor. A propeller
mixer was mounted vertically to maintain the backfill
material in suspension during tests so it would be

backfilling : operation pumped

Water

picked up as a slurry by the 2-1/2-inch Kimball-Krogh

sand pump. Power was provided to the Model 100 e

pump with a 5-horsepower electric motor.
Piping and Measuring System

A 1-inch standard pipe was used for slurry injection so
a velocity similar to the velocity used in the field
injection systemn at Rock Springs, 16 to 18 feet per
second, could be obtained in the model pipe. Previous .
slurry - through a
13-3/8-inch-inside-diameter pipe at a maximum rate of
7,800 gpm ‘to give a pipe velocity of.17.7 feet per

_second, Because transport velocity of backfill material

is the most important parameter when pumping and
injecting through a pipeline, -the mode! duplicated
prototype transport veloc:tles in the p:pehne and:in the
reine cavity. D

and -slurry  discharges were measured using
Ve.’{iﬁ[i meters and water and mercury manometers.
For Tests 1 through 14, a 3- by 1.45-inch BIF Venturi
meter was used, For Tests 16 through 18, a second
Venturi meter, 2- by 1-inch throat, was mstalled in the

discharge line. o y
./
o

et

Model Scales—Mine Pillars

Before designing the modal, several maps of actual -
mine layouts were observed on microfilm in the Bureau
of Mines Denver Office. The pillar, cavity, and corridor
dimensions varied from mine to mine. From
discussions. betweon _laboratory engineers and Bureau
of Mines engmeers “it was decided that a symmetrical
layout of pillars shouid be used in the model with each
pillar having dimensions of 40 feet long, 10 feet wide,
and representing a mine cavity height of & feet.

The mine. should have. approximately 60 percent
volume extraction of coal leaving a pitlar volume of
approximately 40 percent. The horizontal layout for a
symmetrical pattern of pillars with above requirements
was arranged to give approximately 8.5 feet of corridor
space between ends of pl!lars and 11 feet between sides
of pillars.

Distorted model scales—Equal transport vefocities.—~To
obtain a horizontal velocity in the model mine cavity
equal to the velocity in the prototype, the height of
the mode! mine cavity required was 0.75 foot. For the
above conditions and maintaining a water velocity in
the injection pipe and the horizontal water vetocity in
the mine cavity the same as in a Rock Springs
prototype operation, the model geometric scales were:
horizontal scale—1M:24P and vertical scale—1™:8P,
This gave a vertical distortion of 1:3, The important




considerations was that water transport velocities were
the same in the model and the generalized Rock
Springs, Wyoming, prototype mine backfill operation.

Undistorted mode! scales—Unequal transport
velocities.—The tests with a sloping mine cavity were
made with both geometrical horizontal and vertical
scales undistorted at 1M:24P. Tests were made this
way to minimize the problems with different
horizontal and vertical scales for a tilted geometric
shape, Test 17 was made with a level mine cavity and
with equal horizontal and vertical scales of 1™:24P,
This was done to compare backfill deposit pattern for
the earlier level floor tests using a distorted scale with
level floor tests and an undistorted scale. Deposit
patterns were similar even though water veiocity scales
were different.

For all tests, prototype backfill material {a natural fine
sand deposit obtained from Rock Springs, Wyoming}
was used in the model. A distortion existed between
prototype and model backfill sand based on the
gecmetrical scale but water velocities and therefore
transport and deposit characteristics were the same for
a typical prototype {Rock Springs ming} and the
model, Deposit patterns depicted by the model should
very closely represent backfill deposit patterns in the
prototype.

Maodel and Prototype Backfill Material

At the outset, a decision was made that the most
important characteristic to be studied in the model was
the transport and deposition of the mine backfill
material. Therefore, a prototype fine sand backfill
material obtained from Rock Springs, Wyoming, was
selected as the model backfill material and the model
was scaled for using the fine prototype sand. To do
this, prototype pipeline velocities were used in the
mode!l pipeline. Prototype mine cavity velocities were
used in the model considering radial distances from the
centerline of the vertical injection pipe and horizantal
distances scaled according to the horizontal scale of
1M 24P,

The median size of the sand material used in the first
backfilling operations at Rock Springs, Wyoming, was
0.14 mm, Approximately 6 yards of the fine sand were
trucked to Denver. Partions of this sand were used in
all of the model tests. In the Appendix, a size analysis
is shown on the graph, Figure 1, of the soils test to
determine bearing capacity.

THE INVESTIGATION
Tests With Level Floor

Eleven tests were conducted with backfill material
pumped into a mine cavity having a level floor. All

tests were conducted with the cavity in a submargzsd
condition, except Test 10 which simulated a dry
cavity.

Preliminary Tests Without Pillars

Test 1 was made to determine the adequacy of the
slurry tank, propeller mixer, sand feed, sand pump, and
piping system. Only a small amount of fine sand
material {about 1 cubic yard) was fad into the system
during the test. About 10 cubic feet of fine sand
material reached the model box, Figure 1. The
remainder of the sand settied and remained in the
shurry tank during the test.

ot

Figure 1. Test 1. Pattern of deposit resulting from initial
pperation of the slurry mixing and pumping system. Photo
P801-0-73839

Test 2 illustrated the deposition pattern for backfill
material pumped into a deep submerged mine cavity
with no pillars, Figure 2. Slurry was fed at a
concentration of approximately 12 percent, by weignt.
Velocity in the injection pipe was approximately 9 feet
per second. The deposit was in a cone shape with a
depression in the top of the cone caused by velocity
and turbulence of the jet. The angle of repose of the
material deposited under water was about 30°, The
maximum height of the deposited material was about 3
inches below the water surfagce when the test was
stopped. '

Test 3 was similar 1o Test 2 except a higher velocity of
16 feet per second was maintained in the injection
pipe. Figure 3 shows the pattern of deposition in a
simulated submerged cavity for this condition.
Velocity from the submerged pipe was high enough to
keep the floor free of sand material. A strip of sealing
tape on the floor caused nonuniform velocity
distribution and consequent nonuniform backfill
material distribution.




Figure 2, Test 2, Pattern of deposit with a slurry
concentration of 12 percent, by weight, and velocity of
approximately 9 feet per second in the injection pipe.
Photo PEX-D-73840

Figure 3. Test 3. Peposit pattern in a submerged mine
cavity for backfill material pumped at a concentration of
12 percent, by weight, and 18 feat per second in the
injection pipe. Phote PB01-D-73841

Test 4 illustrated the deposition pattern as the backfill
material deposit reached the water surface in a partially
submerged cavity. A rather flat surface {slope 4% 1o 59}
or shear plane developed at the top of the cone, Figure
4. The depth of flow aver this plane was very shallow,
The material was transported over the flat, sloping

e
Eigure 4, Test 4, Deposit pattern showing shear surface at
the top of deposited cc - e. Water surface was held at the
downslope elevation of the shear plane surface. Photo
PBO1.D.73042

plane according to the tractive force of the water
flowing over the plane and the size of fill materizl, and
deposited at an angle of repose on the sides of the
cone. Again a typical flow velocity of approximately
16 feet per second was used in the injection pipe.

The first four tests were operated at prototype
injection velocities to observe the deposit pattern and
determine how the fill material acted under the
hydraulic conditions impased. Thus, radial velocities in
the mine cavities for the prototype and the model were
similar. Transport velocity is the mest important
parameter when considering transport of backfill
material.

Tests With Pillars, Except Tor Test 7

Tast & simulated a submerged mine cavity with a roof
and pillars confining the flow in the cavity. The fil}
material ceposit in the cavities between the pillars is
shawn in Figure 5 after the mine roof was removed.
Velocity in 1the injection pipe located at the
geometrical center of the pillar arrangement was
approximately 16 feet per second and sand
concentration was 12 percent, by weight. Pillars 40
feet long by 10 feet wide by B feet high were
constructed in the model at a horizontal scale of
1M:24P and a vertical scale of 1":8" giving a vertical
distcrtion of 1:3.




Figure §. Test 5, Fine sand backfill material deposits in
cavities between the mine pillars, Photo PB01-D-73843

This distortion resulted in radial velocities neatly the
same as those in the field operation at Rock Springs,
Wyoming. The pillars were arrangaed in a symmetrical
pattern to give approximately 60 percent cavity and 40
percent solid pillars in the mine. The test was run until
the deposited material nearly reached the ceiling. Back
pressure then built up, causing fine sand to break out
of the initial ring and deposit outside the pillar area.

Test 6 was similar to Test 5, except four additional
pillars {28 total) were installed in four rows, Figure B.
Sand was added to give approximately 17 percent
concentration, bv weight, and the deposit was similar
to Test 5—Compare Figure 7 with Figure 5. Figure B
shows contours of deposited backfitl material of Test 6
in prototywe dimensions.

Figure 6. Test 6. Seven rows of four pillars each were
arranged in a symmetrical patiern to give 60 percent cavity
and 40 percent solid pillars in the mine before Test 6.
Photo PBO1.D-73844

Figure 7. Test 6. Deposit pattern after injection of 16
percent backfill material at a pipe tnjection velocity of 15
feet per second. Photo P801-D-73845

For Test 7, the pillars were removed and the mire roof
was placed at a simulated field position 6 feet above
the floor, The test was made with the cavity ir a
submerged condition. A comparison of the deposited
fill material for Test 7 with the previous Tests 1
through 4 in which a confining roof was not in place,
shows a different pattern on the outside edge of the
deposited ring of material, F y2re 9. The material in
Test 7 was deposited in a sca:- wed pattern, compared
1o a smooth, circular pattern-., L ezts 1 through 4. In
Test 7, fill material deposited until the flow area
between the top of the sand deposit and the ceiling was
nearly closed off. A back pressure then built up, a
«..annel broke out along the ~op of the sand deposit,
and backfill material was transported in this channel
until encugh material was deposited to form a delta
and closed the channel off. The flow then broke out in
another channel depositing another delta, Thijs
procedure continued, forming a scalloped pattern
around the outside edge of the doughnut-shaped ring
of backfill materiai.

Tests 8 and 9 were made to show how partially or
totally blocked openings in the mine corridors would
affect the deposited pattern of backfill materizl.
Figures 10, 11, 12, and 13 show where partially and
fully blocked openings are located and how the fine
sand backfill material flows to fill the cavities. Even a
small flow over a considerable time period will
transport fine sand around cornmers and into cavities
that seem to be blocked. As a general rule, if water will
flow into an area, fine backfill material transported by
the water will be carried in to fill cavities or around
corners. Velocity in the injection pipe varied from
approximately 14 to 4 feet per second for Test 8 and
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Figure 9. Test 7. Contours simulate 1-foot intervals, 0-6
feet, in prototype mine cavity after irjection at 14.5 feat
per secend with slurry concentration of 16 percent. Photo
P80O1-D-73846

10. Test

Figure
partially blocked and fully blocked at peints indicated.
Slurry conecentration was about 35 percent, by weight.
Corridor block designations are: U 1/2 indicates upper
one-half of corridor is blocked; L. 1/2 indicates lower
ane-half of corridor is blocked; full indicates full carridor is
blocked. PB01-D-73847

8, Deposition pattern for corridors

was steady at 14 feet per second for Test 9. Sand
concentration for Test 8 was approximately 30 to 35
percent, by weight, and for Test 2 approximately 25
percent, by weight.

In Test 10 a dry mine cavity was simulated with the
sides and an end of one corridor blocked before the
test, Figure 14, No roof was used and the injection
pipe velocity varied from approximately 15 to 8 feet
per second with a 20 percert slurry concentration. A
slight amount of back pressure caused a reduction of

discharge and velocity in the injection pipe; however,
no adjustment to the discharge was made after the test
was started. The end block allowed a small amount of
water to flow through the corridor, Figure 15. The
blocked corridor filled with backfill material to about
the same depth as the corridors outside of the blocked
area. In the dry cavity backfill, material is transported
and deposited according to open channel sediment
transport laws. The bed slope from the top of the cone
around the injection pipe to the outside of the cone
was 0.05 in the long'tudinal corridor direction and
0.06 in the cross-corridor direction, Figure 16. In a dry
cavity a shallow depth of water transports backfill
material and the steepness of the resulting bed slope
depends on the tractive force required to transport the
size of backfill material. Figure 17 shows prototype
contours of depcsited backfill material 2t the end of
Test 10,

Sloping floor Tests 11, 12, and 13 are discussed in the
following sections.

For Test 14 the height of the model pillars was reduced
from 0.75 to 0.25 foot to represent the 6-foot-high
prototype pillars without vertical distortion, This test
was conducted to compare the pattern of deposition of
backfill material in distorted and undistorted models.
Test 14 had a simulated wall on two of the four sides.
These walls seemed to have very little effect on the
initial deposit pattern of backfill material as compared
to Test 5 having no walls on the sides. The general
distribution of backfill material in Test & (distorted
vertical dimensions test} is very similar to Test 14
{undistortad vertical dimensions tests). Velacity in the
injection pipe, Test 5, was approximately 16 feet per
second with a 12 percent coneentration and for Test
14 about 10 feet per second with a 10 percent
concentration. Proportionately for the depth of cavity,
more sand was pumped in Test 14 than in Test 5.
Figures 18 and 19 show deposit pattern and prototype
contours at the end of Test 14,

Test 15 was conducted with water only to check the
water calibration of the Venturi meters.

For Test 16, the vertical height of the mode! pillars was
0.25 foot (no vertical distortion}, and the arrangement
of pillars was the same as for previous tests,
Distribution of backfill material at @ percent
concentration was very similar to the pattern of
deposit in the tests with higher pillars, Figure 20, The
velocity of slurry in the injection pipe was
approximately 16.5 feet per second. The velocity and
turbulence were high enough to clear the floor area
below the end of the injection pipe.
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Figure 12. Test 9. Blacks to reduce flow areas by one-half
in the cowridors ware placed at severa! locations (see
arrows), Slurry concentration was approximately 25
percent with velocity in the injection pipe approximately
14 feet per second, Photo P80O1-D-73848

Tests With Sloping Floor and Pillars

Tests 11, 12, and 13 were made with the mine cavity
floor on a 15° slope. The water surface in the mine
area was lower than the injection pipe exit for Test 11,
Backfill material was pumped into the mine cavity on a
dry floor and the slurry flowed laterally and downslape
along the corridors into the ponded water tahle bolow.
Slurry concentration was 24 percent and the injecticn
pipe velocity was about 3 feet per second. Horizontal
and vertical scales were 1:24. The deposit pattern is
shown in Figure 21.

Test 12 was similar to Test 11, except the water table
was above the injection pipe exit in the 15° sloping
mine cavity. The backfill material was injected at a
concentration of about 35 percent with a velocity of
approximately 8.5 feet per second. Material flowed
radially from the injection pipe, filling the cavity
downsione and also upslone to the water surface.
Figure 22 shows the pattern of deposition.

Test 13 was a duplicate of Test 12. Comparing pictures
of Figures 22 and 23 shows that the deposit pattern for
these two tests was very similar, Figure 24 shows the
prototype contours of deposited material at the end of
Test 13,

The mine cavity for Test 17 had a solid wall at the
downslope end of the corridors. The cavity was
submerged, the floor was on a 5° slope, and the
velocity of the 8 percent slurry in the injection pine
was about 10 feet per second. The deposition pattarn
for Test 17 was very similar to the depasition patterns
for Tests 5 and 14 made with a level floor and

submerged condition, Figure 25. For the initial ring of
backfill material that deposited up to the ceiling of the
mine cavity, the deposit pattern was very nearly
symmetrical. The first breakout and channelization
nccurred in an upslope direction. The distance from
the injection pipe to the initial ring deposit was slightly
smaller in an upslope direction than in a downslope
direction, allowing the first breakout in an upslope
direction. The gravity component, in the 5° slope
direction, was very likely a reason for the slightly less
deposit downslope than in the upslape direction.
Figure 26 shows the prototype contours of deposited
backfill material at the ena of Tes: 17.

Test 18 was made as a duplicate of Test 17 except Test
18 was continued longer (32 minutes as compared to
18 minutes for Test 17 model time). Figures 27 and 28
when compared with Figures 25 and 26 show that
therg is a more extensive deposit at the end of Test 18
and the deposit to the roof has a wider band.

General

All tests with pillars were performed with the injection
pipe geometrically centered in a symmetrical pattern of
pillars, As a result the pattern of deposition on the
level and near-level floor conditions were very nearly
symmetrical about the injection pipe. Transport and
deposit of the backfill material depend on the flow of
slurry material in the mine cavity. Rock falls which
block or partially block corridors will affect the radial
flow and deposit patterns.

Deposition of backfill material in a field operation
depends on the extent of open corridors which may or
may not be symmetrical. ‘ o

—_

Bearing and Settlement Tests

Information was obtained from the Denver Bureau of
Mines Office giving the minimum dry density and
maximum dry density of the Rock Sorings backfill
material as 85 and 102.7 pounds per cubic foot (pcf),
respectively. Earth Sciences Branch, USBR, determined
these values as B5 and 108.4 pef, resnectively, as shown
in the Appendix. The maximum settlement that could
acccur was calculated for material deposited at
minimum dry density being compacted by subsidence
gbove the mine cavity to a maximum dry density.
Table 2 and Figure 29 gives the maximum settlement
for backfill deposit at minimum dry density of 85 pcf,
and subsidence causing wvertical compaction to a
maximum dry density of 102.7 and 108.4 pcf, up to a
mine cavity depth of 6 feet. The above settlement
calculations and Figure 29 are based on the assumption
that no lateral movement of fill matertal occurs during
compaction.
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Figure 14. Test 10. Arrangement of pillars for backtill material pumped into a dry cavity. Blocks in one corridor were placed at
A, B, and C as shown. Phota PB01-D-73849

Figure 15, Test 10. Backfill material pumped into a dry
cavity. Note deposit in corrider that is blocked. Slurry
concentration was 20 percent, Photo P801-D.73851

Figure 16. Test 10, Depasit at edge of pillar area shows
.ope of deposited backfill material For a dry cavity. Photo
-7801-D-73852
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TEST 10
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AT END OF TEST.
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MINE CAVITY LEVEL AND DRY.
SURFACE SLOPE QF SACKFILL
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N MATERIAL FILLED TO ROOF
LEVEL

Figure 17




Figure 1B, Test 14. Mine cavity was tevel and the
horizontal and wvertical geometrical scale 1:24. Slurry
concentration was 10 percent. Photo PE01-D-73853

/ SOLID WALL
/-—/:\\/\:,,s'

Fit Sk
%
/5//////»\\\

s

SOLID WALL/

TEST 14
CONTOURS OF BACKFILL DEPOSIT
AT END OF TEST
MINE CAVITY LEVEL AND SUBMERGED
PILLARS - 40% OF MINE VOLUME
CAVITY — 60% OF MINE VOLAME

BACKFILL MATERIAL FILLED
TO ROOF LEVEL.

Figure 19




Figure 20. Test 16, Floor and roof of the mine cavity was
level. Slurry concentration was 9@ percent and the injection
pipe velocity was about 16.5 feet per second. Photo

P801-D-73854

Figure 21, Test 11. Simulated backfilling of a mine cavity
on a 15° slope. Water surface in the cavity was lower than
the floor position under the injection pipe. Photo
PB0O1-D-73855

Figure 22. Test 12. Distribution of material on a 15° slope
with the water surface in the cavity higher than the
injection pipe exit. Photo P801-D.-73856
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Figure 23. Test 13. A duplicate to Test 12, Figure 22.
Photo PBO1-D-73857
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TEET |7
CONTOURS OF BACKFILL DEPOSIT
AT END OF TEST.
PILLARS-40% QF MINE VOLUME
CAVITY=-50% OF MINE VOLUME,
MINE CAVITY SUBMERGED,

7 BACKFILL MATERIAL
m FiLLED TO ROOF -LEVEL

Figure 25, Test 17. The floor and roof of the mine cavity
was sloping 5° from the horizontal, A solid wall was
simulated at the downslepe end of the pillars. Photo
P801-D-73858

MINE CAVITY S5SLOPE
~+— DOWNWARD 5*

Figure 26
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Figure 27, Test 18. Test conditions the same as Test 17
except Test 17 was continued for 18 minutes and Test 18
was continued for 32 minutes. Photo P801-D-73859

MINE CAVITY SLOPE
~— DOWNWARD 5°

/,g\

i f/"?\\\ )
([~ ///ﬂ/x\\\ T,
T S »Ed” s .

(j QN7

N\

T o ® oY o-m_) o
o < w m T
N N /
TEST I8 CLed < T
CONTOURS OF BACKFILL DEPOSIT \,a.\\ // \&qjj ////// <l
AT END OF TEST. ~ /&7 $\_7
MINE CAVITY SUBMERGED. l' /
1

PILLARS-40% OF MINE VOLUME
CAVITY-680% OF MINE VOLUME \\\\‘% /// /
SN Ny
BACKFILL MATERIAL 40
FILLED TO ROOF LEVEL \—/

Figure 28

10’

17



i E
!
i
I
02,7 RPCF =}

i
s
i
t
I

! I Il

Cel¢ulations end gronh
tntero! mevemeant of fil material
as it is ¢onsolidoted. }
! 1 :

T H

DEPOSIT DEPTH AT MINIMUM DRY DENSITY (FEET)

Le
(FEET)
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Figure 29. Consclidation of backfill material based on
deposit depth and maximum dry density,

In-place Density

Measurements of in-place density of backfill material
were made by taking sampies of deposited backfill
material after completion of Tests 7, 8, and 9. In-place
density of backfill material deposited under water and
not drained was measured as 73.6 pcf for
approximately 3-inch depth of deposited material.
After the material was drained, the in-place density was
93.8 pcf.

A few settlerment tests were made on deposited backfill
material between the pilfars and outside the pillar area.
Four-, six-, and twelve-inch-square platforms were
loaded with 176.5 pounds and the vertical deformation
of the sand was measured after water was drained from
the deposited material. Variations in the increase of
deformation for increase in load per unit area were
apparent. The depth of deposited material was small (3
to 8 inches) in the areas the bearing tests were made,
accounting for some of the differencas in deformation
per unit load, Settlement measured for load tests made
between pillars was [ess than settlement measured for

tests made without piliars (Test 7}. The pillars provided
a limited amount of confinement.

Earth Sciences Laboratory Tests

Because of the small depths of deposited backfif}
materials in the hydraulic model tests and variations of
measurements of the bearing lead tests, the Earth
Sciences Branch of the Bureau was asked to make
standard laboratory tests on a sample of the fine sand
backfill material shipped from Rock Springs and used-
in the hydraulic model tests. Physical properties tests,
bearing capacity, and stress-strain characteristics for
estimating the amount of surface subsidence above a
mine due to rock pressure loads were made. The results
given in a memorandum from the Earth Sciences
Branch to the Hydraulics Branch are included as an
Appendix to this report.

REFERENCES

Donner, Donald L. and Whaite, Ralph H.,
“Investigation of Subsidence in Rock Springs,
Sweetwater County, Wyoming,” U.S. Bureau of Mines,
Mineral Resources Evaluation, 1969

The Dow Chemical Company, *‘Proposal for Hydraulic
Backfilling of Mine Voids in a Limited Area Underlying
Rock Springs, Wyoming,” submitted to U.S. Bureau of
Mines, January 19, 1970

Dowell- Division, The Dow Chemical Company,
““Completion Report, Demonstration Project,
Prevention of Surface Subsidence, Rock Springs,
Wyoming,”” 1970

Graf, Walter H., “Hydraulics of Sediment Transport,”
McGraw Hill Book Company, 1971

Graf, Walter H., "A Modified Venturimeter for
Measuring Two-phase Flow or Particle Dynamies and
the Venturimeter,” Journal of Hydraulic Research,
Vol. 5, No. 3, 1967

U.S. Bureau of Reclamation MHydraulics Branch,
“Progress Report on Results of Studies on Design of
Stable Channels,” Hydraulics Laboratory Report Hyd.
352, June 1952




Table 1

DATA SHEET—BACKFILLING MINE CAVITIES
HYDRAULIC MODEL TESTS FOR BUREAU GF MINE3

Center cavity
Approx Q Vin Sed dep Level ‘Roof WS in Piers
Test Date conec slurry 1" pipe Radius above or slope. above box Comment in
number ' % by wt cfs slurry inches floor degrees floor above place
ft/sec ' inches "inches floor ft #
1 12-14-72 12 .049 =0 NA 0 L None Abaut 0
1.0
2 12-19-72 12 0459 =9 12-1/4 5-5/8 L None 1.0 0
3 12-21-72 12 086 = 16 25-1/2 0 L Nene 1.0 0
4 1-3-73 12 .086 =16 17-1/2 53/4 L None 75 Surface 0
' slope
tan=.08
_ =44°
[ 1-10-73 12 7 |.086 = 16 25 5.4 L ] 1.0 20
6 1-12-73 17 072~ 13.2— 13 1/2 L 9 1.0 28
P 084 16.9
7 1-19-73 16 076~ 14.1— 13% ? L 9 .95-.88 0
.082 15.1
8 1-26-73 35 .020 3.67— 18 4 L 9 .923—.86 | Pillars 32
‘ 13.4 partial
= & ful}
block
2] 2-1-73 25 .073— 13.6— 21 4 L 9 .95 Pillar 32
’ 078 14.3 partial
. : blocks
™10 2-7-73 20 044— 8.07— 14 0] L None 0—Dry 1 corridor 32
' .082 15.1 - ' blocked
11 2:14-73 24 044 472 Mo cavity | O 15 3 Below 32
’ ws pipe
below
injec-
tion
pipe
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Table 2

SETTLEMENT BASED ON THE ASSUMPTION THAT
BACKFILL MATERIAL iS DEPOSITED AT THE
MINIMUM DRY DENSITY AND VERTICAL
SETTLEMENT OCCURS (NO LATERAL COMPACTION)
UNTIL MAXiMUM DRY DENSITY 1S REACHED

For minimum dry density = 85 pcf
and maximum dry density = 102.7 prf

Originai
deposit
depth
ft

6.0 -
4.0
2.0

Depth
after
settlement
ft

4.96
3.31
1.65

* Depth
of
settfement
ft

. 1.04
0.69
0.35

Fo_r minimum dry density = 85 pcf

and maximum dry density = 108.4 pcf

4.71
3.14
1.57

1.28
.86
A3

%
settiement

17.3
17.3
17.5




APPENDIX

Labg v

Laboratory studies performed by the Earth Sciences
Branch on sand for backfilling mines by the U.S.

Bureau of Mines of Rock Sorings, Wyoming., These

resuits were transmitted by memorandum dated April
4, 1973.

Standard Properties Tests

1. The backfill material tested {Sample No, 545-1) was
classified as a silty sand {SM} containing 16 percent
nonplastic fines and B4 percerit predominantly fine
sand (minus No. 50). The sainple had a median grain
size of 0.140 mm and a coefficient of uniformity of 5
{see Table 1 and Figure 1).

2. The results of the relative density test {Designation
£-12, Earth Manual) indicated a minimum dry density
of 85.0 pcf and a maximum dry density {dry rmethod)
of 108.4 pcf (see Table 1 and Figure 1}. Based on these
test resuits, the average in-place ‘condition of the
hydraulic backfill in the model tests {average dry
density = 93.8 pef) is approximately 44 percent
relative density, which corresponds to a medium dense
condition (see page 314, Earth Manual},

3. Ko-test—In order to simulate the high compressive
ground pressures existing in underground mines, a
triaxial shear test with no lateral strain was performed
on a specimen (2 inches in diameter ‘and 5 inches in
tength) to determine the value of “earth
pressure-at-rest’’ {Ko). On an effective stress basis, Ko
is defined as the ratio of the developed lateral pressure
(53 ) to the applied axial pressure {7; } under conditions
of zero latera! strain. Other soil parameters determined
in the Ko-test include Poisson’s ratio {u} and a modulus
of deformation {E.} which ditfers from Young's

modulus {E) because the specimen is tested in a
constrained manner by the application of a laterai”

pressure during the test and the strain is nonhnear and
nonrecoverable.

ory Studies on Sand for Mine Backfill, USBM, Rock Springs, Wyoming

The test specimen was placed at a dry density of 95.1

. pef, corresponding to 50 percent relative density, and

sealed in a rubber membrane. The specimen is then
placed in a triaxial pressure chamber which is filled
with water to completely surround the specimen.
During application of the axial load (04} to the

‘specimen, the specimen is prevented from straining

laterally by adjusting the lateral pressure (@3} on the
specimen 10 maintain zero lateral strain.

The wmaximum wmodulus of deformation (E;)
determined in the Ko-test was 14,682 psi and the
corresponding value for Poisson’= atio was 0.28. The
test results are summarized briefly below and more
completely in Table 2 and Figure 2.

A “‘constrained” modulus, such as the secant modulus
(M} or tangent modulus {AM}, computed by dividing
the axial stre?’s.:,_by the axial strain, can be used to
compute the vertical settlement under large loaded
areas. The value of the secant modulus {M = 7, /g, ) for
the overall range of stress:is 11,474 psi while the
tangent modulus (AM = AT, fAey ) for the intermediate
stress range of the test is 12,062 psi. See Figure 3.

The modulus of deformation is also a function of the
effective stress acting on the specimzn because the
stress-strain is nonlinear and change in strain usualiy
becomes less under higher increments of stress;
therefore, the higher the effective stress the greater the
value of E.. In this test, the maximum applied axial
stress was limited by the pressure limitations of the
triaxial chamber which was 200-psi lateral pressury.

Bureau of Mines Study

A report’ by the Bureau of Mines presents the results
of an extensive study performed on mine backfill
materials simulating high compressive ground pressures

Test Summary

Initial placement conditions = Modulus of . :
Dry density Water content Vaoid deformation (E_) Ko Poisson’s
pcf percent ratio psi ~ ratio
95.1 9.8 0.7588 14,682 4 039 0.38

1'Fil 7198 “Earth Pressure at Rest and One-dimensional Compression in Mine Hy'draulic Backfills,” D. E. Nicholson

and R. A. Busch, October 1968.
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{up 10 2,000-psi applied pressure) which resulted in a
one-dimensional Earth-Pressure-at-Rest Model. These
tests were performed on test specimens using a
high-pressure compression chamber which permits no
lateral strain to determine values of Ko for several
different backfill materials placed at three density
levels {loose, medium, and maximum densities). From
these tests, the values of the tangent moduius {AM} are
plotted against the void ratio (e) on Figure 22 of the
referenced report to. establish a trend line {see Figure
4). The tangent modulus determined from the Ko-test
for Sample No. 548-1 is aiso plotted on Figure 4 and it
is seen to plot on the trend line indicating that the test-
results are comparable. '

The conclusion made in the Bureau of Mines report {on
page 3B) is that under equivalent wall pressures a mine
using loose backfil! can expect an eight-fold increase in
yield or compression of the backfill when comparad to .
a mine using a compacted backfilk.

Bearing Capacity

1. For a given soil pressure the settlement of a footing
on sand depends upon the retative density and position
of the water table. During placement of the hydraulic
backfill in the mine it is not expected that complete
filling will oceur and that voids will exist between the
top of the backfill (as deposited} and the mine crown.
This void may eventually fill in with fallen rock and
thus rock pressure may be transmitted to the backfill.

2. The allowable bearing capacity of submerged sand
may be estimated by Terzaghi's general
bearing-capacity equation for cohesionless soils:

i
-8B
q= 2 N'Y

2 Foundation Engineering, Leonards, G. A., pp 542-545.

26

where
q = allowable bearing capacity {psf)
7" = submerged unit weight (pcf}
B = width of footing (ft)
Ny = bearing capacity factor -
Assumptions: backfill material

a. Density

Yq = 93.8 pef

W.C. = 29.2 percent {100 percent saturation). .-

Therefore 7! =(93.8x 1.292) —62.4
= 5B.8 pcf,

b. Friction angle (¢} for fine sand olf medium
density = 32° {Leonards, p. 219)

c. Bearing capacity factor Ny (¢ = 329 = 12 '

{Leonards, p. 542)*
d. For bearing width of 10 feet or B = 10 feet

Substituting in equation above:
- 1
q=b58.8 [ 2 ] 12
q = 3,528 psf for 1-inch settlement

Say q, = 4:000 psf or 2 tsf

3. The settlement of the backfill is governed by the
stress-deformation characteristics rather than the

bearing capacity of the sand. The compressibility of
the sand can be determined by the tangent modulus
{AM) which increases with increasing relative density.
The modulus also increases with an increase of the
confining pressure which, in turn, is roughly
proportional to the vertical pressure. .

.

. Rl
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7-1750 (3-71)
Bureoy of Reclamation

CONVERSION FACTORS-BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those published by the American
Society for Testing and Materials {ASTM Metric Practice Guide, E 380-68} except that sdditional factors {*)
commonly used in the Bureau have been added, Further discussion of definitions of quantities and units Is given in
the ASTM Metric Practice Guide,

The metric units and conversion factors adopted by the ASTM are based an the International System of Units™
{designated S| for Systeme International d’Unites), fixed by the International Committee for Weights and
Measures; this systam is also known as the Giorgi or MKSA {meter-kilogram {mass)-second-ampere) system. This
system has been adopted by the International Qrganization for Standardization in 1SO Recommendation R-31.

The metric technical unlt of force is the kilogram-force; this is the force which, when applied te a body having a
mass of 1 kg, gives it an acceleration of 9.80665 m/sec/sec, the standard acceleration of free fall toward the earth’s
center for sea fevel at 45 deg latitude, The metric unit of force in S| units is the newton {N}, which is defined as
that force which, when applied to a body having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units
must be distinguishad from the (inconstant} local weight of a body having a mass of 1 kg, that is, the weight of a
body is thet force with which a body is attracted to the earth and is equal to the mass of a body multipiied by the
acceleraticn due to gravity. However, because it is general practice to use “pound” rather than the technically
correct term “pound-force,” the term ‘*kilogram”™ {or derived mass unit) has been used in this guide instead of
"kilogram-force’” in expressing the conversion factors for forces. The newton unit of foree will find increasing uss,
and is essential in SI units. ]

Where approximate or nominal English units are used to express a valie or range of values, the converted metric
units in parentheses are also <pproximate or nominal. Where precise English units are used, the converted metric
units are expressed as equaliy significant values. ’

Table i

QUANTITIES AND UNITS OF SPACE

Multiply : By To obtain

LENGTH

25.4 {exacily)

25.4 {exactly) Millimeters
2.54 {exactly}" Centimeters

30.48 (exactly) Centimeters
0.3048 {exactiy)* Meters
0.0003048 (exactiy)*®
09144 [exactly)

1,609.344 {exactly}*

1,609344 (exactly)

AREA

Square inches 64518 {exactly) - Square centimeters
Square feet *929.03 Square centimeters
Square feet 0.092903 Square meters
Square yards 0.836127 Square meters
Hectares

Square meters

Square kilometers

Square kilometers

VOLUME

Cubic inches 16.3871 Cubic centimeters
Cubic feet Cubic meters

_Cubic yards 0,764555 Cubic meters

CAPACITY

Fluid ounces (U.5.) 29,5737 : Cubic centimeters
Fluid ounces (U.5.} Milliliters
Liquid pints {U.S.} 0473179 : Cubic decimeters
Liquid pints {U.S.) 0.473166 ; Liters
Quarts {U.5,] X Cubic eentimeters
Quarts {U.5,] , ; Liters
Gallons (U5, 785, Cubic centimeters
Gallons (U.S.) . Cubic decimeters
Gallons (U.5)) A . Liters
Gallons (U.S.) )
Gellons (UK.} §
Gallons (U.K.) X Liters
Cubic feet 5 Liters
Cubic yards . : Liters
Cubic meters
Liters




Table 11

QUANTITIES AND UNITS OF MECHAMICS

Multiply

By . To abtain

MASS

Grains (1/7,000 Ib}

Troy ounces {430 grains}
Ounces (avdp)

Pounds {avdp}

Shom tons [2,000 Ib}
Short wons (2,060 ib}
Long tons {2,2401b)

54,79891 (exactly)
31.1035

Milligrams

Kilograms
Kilograms
Merric tons
Kilograms

FORCE/AREA

Paunds per square inch

Pounds per square inch . . . .

Pounds per square foot
Paunds per square fgot

0.070307 . . Kilograms per square centimeter
NewTons per square centimeter
. Kilograms per square meter

47.8803 Mew1l0ns per square meter

MASS/VOLVUME (DENSITY)

Cunces per cubic inch
Pounds per cubie foo1
Pounds per cubic foot
Tons (long) per cubic yard

Grams per cubic centimeter
Kilograms per cubic meter
Grams per cubic centimeter

.. Grams per cubic centimeter

Ounces per gatlon (LS,
Ounces per gation (LK.}
Pounds per gailon {U.5.]
Pounds per gallon {ULK.}

Grams per liter
Grams per litar
Grams per liler
Grams per liter

Table I—Continued

Multiply

By Toobtain

WORK AND EMERGY~

British thermal units {Btu}
British thermal units (Btu}
Bw per pound
Foot-pounds

Kilogram calories
Joules
2,326 {exactly} Joules per gram

“1.35562

POWER

Horsepower
Btu per hour
Foo1-pnunds per second

Btu in./hr k2 degree F (k,
therma! conductivityl
Btu in./hr fr2 deqree F {k,
thermal cordustivizy}
St fi/hr 72 degree F
Btu/hr 1t degree ¥ (C,
thermal condfuckance}
gw/hr 7t dogree F (C,

thermal conductance) . . . .. ..

Oegree F hr fr2/Bw (A,
thermal resistance)

Bru/b degree F (c, heat capacity) .

2uy/lb degree F
F12/hr (thermal ditfusivity
Ft2/hr (thermal diflusivity)

Miltiwatts/em degree C

v 4.+, Kgcal/hr mdegree C
Kg cal m/hr m?2 degree C

Mittiwartglem? degree C
. Kgcal/hr m? degree €
Degree € em?/milliwatt

Vg degree C
Calfgram degree C

BENDING MOMENT DR TQROAUE

Inch-pounds
Inch-pounds
Foot-pounds
Foot-pounds
Foot-pounds perinch . .
Dunce-inches

0.011521
1.12985 x 108
0139256 . ...
1,35662 x 107

Meater-kilagrams

Centimeter-dynes

Meser-kilograms

Centimeter-dynes
Centimeter-kilograms per centimeter
Gram-centimeters

VELOCITY

Feet per seconrd
Feet per secong
Feel per year ,
Mites per hour
Mikes per hour

30.44 lexactly)
0.3048 (exactiyl” .

*0.965973 x 108
1.609244 (exactly}
0,44704 [exactly}

Centimetets per second
Mgters per second
Centimeters per second
Kilometers per hour
Meters per second

ACCELERATION®

Feet per se:ondz

Meters per second?

Geainsthr £12 (water vapor)
transmission)

Perms (permeance)

Perm-inches |permeability)

vrev-. Grams/2a he m?
Metric perms
. Metric perm<entimeters

Table 111

OTHER QUANTITIES AND UNITS

Muitiply

To obtain

Cubic feet per second
[secend-foet|
Cubic feet per minute .

Gallons {U.S.) per miaute , . ...

Cuhic meters per second
Liters per second
Liters per secand

Pounds ..
Pounds .
Pounds

Kilpgrams

Cublc feet per square foot per day {seepage)
Pound-seconds per square foot {viscosity) .. .. ..
Square feet per secand (viscosity)

Fahrenheit degrees {change)*
Yolts per mil

Lumens per square foot {foot-candles) .

Ohm:-circular mils per foot
Mitlicuries per cubic f001
Milliamps par square foot
Gallons per sguare yard
Pounds per inch

Liters per square meter per day

. Kilogram second per square metzr
Sguare met- . s ger second

Culsius or Kelvin degizes (change}”
Kilovolts per millimeter

. Lumens per #quare meter
Ohmrscu=re mitlimeters par mater
Miisi##r per cubic mater
Milliamps per square meter

Liters per squuare meler

Kilograms per centimetar

5/9 exactly . . . .

*0.17858
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HYDRAULIC MODEL STUDIES FOR BACKFILLING MINE CAVITIES
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Denver, 32 p, 33 fig, 4 tab, G ref, append
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